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The properties of vector mesons in nuclear matter are discussed. I 
examine the constraints imposed by elementary processes on the widths of 
p and uj mesons in nuclear matter. Furthermore, results for the p- and uj- 
nucleon scattering amplitudes obtained by fitting meson-nucleon scattering 
data in a coupled-channel approach are presented. 


1. Introduction 


The electromagnetic decay of the vector mesons into e+e“ and 
pairs makes them particularly well suited for exploring the conditions in 
dense and hot matter in nuclear collisions. The lepton pairs provide virtually 
undistorted information on the mass distribution of the vector mesons in 
the medium. 

The lepton-pair spectrum in nucleus-nucleus collisions at SPS energies 
exhibits a low-mass enhancement compared to proton-proton and proton- 
nucleus collisions |Q|. A quantitative interpretation of the lepton-pair data 
can be obtained within a scenario, where the effective vector-meson masses 
are reduced in a hadronic environment i |> |> I- On the other hand, 
attempts to interpret the low-mass enhancement of lepton pairs in terms 
of many-body effects also yield good agreement with the data 0, |]. In 
these calculations the broadening of the p meson in nuclear matter due to 
the interactions of its pion cloud with the medium |, [I^, H, m and the 
momentum dependence of the p-meson self energy due to the coupling with 
baryon-resonance-nucleon-hole states [ 


]A\ are taken into account. 
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Through the low-density theorem hadron-nucleon scattering data can 
be used to determine the self-energies of hadrons in nuclear matter at low 
densities. In this talk I discuss the the constraints on the imaginary part 
of the vector-meson self energy in nuclear matter that can be derived from 
elementary reactions, and present results of a coupled channel calculation 
of meson-nucleon scattering. The latter provides a model for the vector- 
meson-nucleon scattering amplitude. 


2. Constraints from elementary processes 

The low-density theorem states that the self energy of e.g. a vector 
meson V in nuclear matter is given by [^] 

^v(pn) =-4:7r(l-I - —){fvN)pN + ---, (1) 

VlN 

where my is the mass of the vector meson, that of the nucleon, pjy the 
nucleon density and {Jvn) denotes the VN forward scattering amplitude 
fvN, appropriately averaged over the nucleon Fermi sea. For the vector 
mesons p,uj and (j) the elastic scattering amplitudes have to be extracted 
indirectly, e.g. in a coupled channel approach, which I will discuss in section 
3. 

In order to avoid an extrapolation over a wide range in mass, which 
would introduce a strong model dependence |]^, I will use only data in the 
relevant kinematic range to constrain the VN scattering amplitudes. As an 
example, I shall first discuss the implications of the data on pion-induced 
vector-meson production for the in-medium width of co mesons. 

Using detailed balance and unitarity one can relate the cross section for 
the reaction tt~p cun to the imaginary part of the cu-nucleon scattering 
amplitude due to the tt~p channel [^] 

= 127r^Im/j-= 0), (2) 

where / denotes the spin-averaged scattering amplitude. Close to the ton 
threshold, the scattering amplitude can be expanded in powers of the rel¬ 
ative momentum in the ton channel An excellent fit to the data from 

threshold up to g = 120 MeV/c^ is obtained with ImfSn^iln = CL+bq‘^ + cq^, 
where a = 0.013 fm, 6 = 0.10 fm^ and c = —0.08 fm® (see Fig. |T|). The co¬ 
efficient a is the imaginary part of the scattering length. 

The corresponding contribution of the vr-nucleon channel to the width 
of the cu meson at rest in nuclear matter can now be obtained by using the 
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q„ [MeV/c] 

Fig. 1. The 7r“p contribution to the imaginary part of the oj — n forward-scattering 
amplitude obtained by a fit to the Tv~p uin data (ref. [p^) near threshold. 


low-density theorem (|^) 


Ar^ = 47r(l -b 


3 (Im fSZJ'ihn) PN 


mi\f^ 2 


m„ 


(3) 


This implies that at nuclear-matter density the width of the uj meson in 
nuclear matter is increased by 9 MeV due to the vr-nucleon channel. Other 
channels, like the inrN channel leads to a further enhancement of the to 
width in matter. 

For the p meson the situation is more complicated. First of all the 
experimentally accessible ttN channel is subdominant. Second, both isospin 
1/2 and 3/2 are allowed. Thus, three independent reactions are needed 
to pin down the amplitudes of the two isospin channels and their relative 
phase. The data |^, on the reactions 7r~p —> p^n, vr+p —> p~^p and 
'K~p —> p~p would, if measured down to threshold, be sufficient to determine 
the amplitudes. Unfortunately the large width of the p meson makes its 
identification close to threshold very difficult. Thus, the data even in the 
one channel, which is measured close to threshold 'K~p p^n, is afflicted 
with a large uncertainty |20|. Clearly new data on p production close to 
threshold would be very useful. 


3. Meson-nucleon scattering 

In this section I describe a coupled channel approach to meson-nucleon 
scattering j21]. The following channels are included: ttA, pN, coN, vrA 
and r]N. Our goal is to determine the vector-meson-nucleon scattering 
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Fig. 2. The 7riV scattering phase shifts and inelasticity. The line shows the best 
fit, while the data points are those of the analysis of Arndt et al. [p^. 


amplitude close to threshold, which in turn determines the self energy of a 
vector-meson at rest in nuclear matter to leading order in density. 

Since we are interested in the vector-meson scattering amplitude close 
to threshold, it is sufficient to consider only s-wave scattering in the pN 
and ojN channels. This implies that in the ttN and vrA channels we need 
only s- and d-waves. In particular, we consider the Sn, Ssi, Dis and D 33 
partial waves of ttN scattering. Furthermore, we consider the pion-induced 
production of rj, uj and p mesons off nucleons. In order to learn something 
about the momentum dependence of the vector-meson self energy, vector- 
meson-nucleon scattering also in higher partial waves would have to be 
considered. 

In accordance with the approach outlined above only data in the relevant 
kinematical range will be used in the analysis. The threshold for vector- 
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s''' [GeV] 


Fig. 3. The cross section for the reaction tt p ^ p^n. The data points are from 
ref. Q, as given in ref. 


meson production off a nucleon is at ^/s ~ 1.7 GeV. We fit the data in the 
energy range 1.45 GeV < -y/i <1.8 GeV, with an effective Lagrangian with 
4-point meson-meson-baryon-baryon interactions. For details the reader is 
referred to ref. |^. In Fig. |^our fit to the vrV scattering data is illustrated 
by the II 13 channel. In the remaining channels the quality of the fit is in 
general better. 

Furthermore, in Fig. 0 the cross section for the reaction 7 r“p —> p^n is 
shown. The bumps at sV^ below 1.6 GeV are due to the coupling to res¬ 
onances below the threshold, like the V*(1520). This indicates that these 
resonances may play an important role in the p-nucleon dynamics, in agree¬ 
ment with the results of Manley and Saleski |^. However, the strength of 
the coupling is uncetrain, due to the ambiguity in the p-production cross 
section close to threshold mentioned above. We find that also the u meson 
couples strongly to these resonances. 

The pion-induced r/-production cross section is well described up to 
gi /2 ^ 2.65 GeV. At higher energies presumably higher partial waves, not 
included in our model, become important. Similarly, the pion-induced pro¬ 
duction of uj mesons is reasonably well represented close to threshold, al¬ 
though the strong energy dependence of the amplitude shown in Fig. is 
not reproduced by the model. This may be due to the coupling to channels 
not included at present, like the K — T, channel. 

The resulting p- and cu-nucleon scattering amplitudes are shown in Fig. |^. 
The p — N and uj — N scattering lengths are (-0.2-|-0.7i) fm and (-0.5-1-0.li) 
fm respectively. To lowest order in the density, this corresponds to the 
following in-medium modifications of masses and widths at nuclear matter 
density: Amp ~ 20 MeV, /S.m^ ~ 50 MeV, AFp ~ 140 MeV and AF,^ ~ 20 
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s''' [GeV] 


Fig. 4. The pN and loN scattering scattering amplitudes, averaged over spin and 
isospin. 


MeV. However, the coupling of the vector mesons to baryon resonances 
below threshold, which is reflected in the strong energy dependence of the 
amplitudes, implies that in medium the vector-meson strength will be split 
into a meson like mode, which is pushed up in energy, and a resonance- 
hole like mode, which is pushed down in energy. The downward shift of 
vector-meson strength would contribute to the low-mass enhancement in 
the lepton-pair spectra. Thus, our results support the dynamical scenario 
discussed in ref. |^|. 


Acknowledgments 

I thank M. Lutz and G. Wolf for valuable discussions. I am grateful to 
W. Florkowski and M. Nowak for their warm hospitality during my stay in 
Cracow and I acknowledge the partial support by the Polish Government 










proc printed on February 9, 2008 


7 


Project (KBN) grant 2P03B00814 as well as by the Institute of Nuclear 
Physics in Cracow. 


REFERENCES 


[1] CERES, G. Agakichiev et ai, Phys. Rev. Lett. 75, 1272 (1995); Nucl. Phys. 
A 610, 317c (1996); A. Drees, Nuel. Phys. A 610, 536c (1996); P. Wurm, in 
Proc. Workshop on Astro-Hadron Physics, Seoul, Korea, Oct., 1997 

[2] Helios-3, M. Masera et al, Nucl. Phys. A 590, 93c (1992) 

[3] G.Q. Li, C.M. Ko and G.E. Brown, Phys. Rev. Lett. 75, 4007 (1995) 

[4] W. Gassing, W. Ehehalt and C.M. Ko, Phys. Lett. B 363, 35 (1995); W. Gass¬ 
ing, W. Ehehalt and I. Kralik, Phys. Lett. B 377, 5 (1995) 

[5] G.E. Brown and M. Rho, Phys. Rev. Lett. 66, 2720 (1991) 

[6] T. Hatsuda and S.H. Lee, Phys. Rev. C 46, R34 (1992) 

[7] R. Rapp, G. Chanfray and J. Wambach, Phys. Rev. Lett. 76, 368 (1996); 
Nuel. Phys. A 617, 472 (1997) 

[8] W. Gassing, E.L. Bratkovskaya, R. Rapp and J. Wambach, nucl-th/970802C| 

[9] M. Herrmann, B. Friman and W. Norenberg, Nuel. Phys. A 560, 411 (1993) 

[10] G. Chanfray and P. Schuck, Nuel. Phys. A 545, 271c (1992) 

[11] M. Asakawa, C.M. Ko, P. Levai and X.J. Qiu, Phys. Rev. C 46, R1159 (1992) 

[12] F. Klingl, N. Kaiser and W. Weise, Nucl. Phys. A 624, 527 (1997) 

[13] B. Friman and H.J. Pirner, Nucl. Phys. A 617, 496 (1997) 

[14] W. Peters, M. Post, H. Lenske, S. Leupold and U. Mosel, Nucl. Phys. A 628, 
109 (1998) 

[15] W. Lenz, Z. Phys. 56, 778 (1929); C.D. Dover, J. Hiifner and R.H. Lemmer, 
Ann. Phys. 66, 248 (1971) 

[16] B. Fri man, in Proc. W orkshop on Astro-Hadron Physics, Seoul, Korea, Oct., 
1997, |nucl-th/980105^ 

[17] J. Keyne et al., Phys. Rev. D 14, 28 (1976); H. Karami et al., Nucl. Phys. B 
154, 503 (1979) 

[18] A.D. Brody et ai, Phys. Rev. D 4, 2693 (1971) 

[19] Handbook of Physics, Landolt and Bornstein, vol. l/12a (Springer, Ber¬ 
lin,1987) 

[20] D.M. Manley and E.M. Saleski, Phys. Rev. C 45, 4002 (1992) 

[21] M. Lutz, G. Wolf and B. Friman, to be published 

[22] R.A. Arndt et ai, Phys. Rev. C 52, 2120 (1995) 

[23] G.E. Brown et al, to be published in Proceedings International Wor kshop 
on the Stru cture of Mesons, Baryons, and Nuclei, Cracow, May, 1998, nucl- 


th/9806026 








